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A METHOD TO PREDICT AND IDENTIFY DEFOCUS WAFERS 

FIELD OF THE INVENTION 
[0001] The invention relates to a manufacturing process performed on semiconductor 

wafers, and more particularly, to a manufacturing process based on surface topography of a 
5 semiconductor wafer. 

BACKGROUND 

[0002] In a semiconductor fab, during a photo exposure process step, a photo exposure 

module in a scanner focuses electromagnetic energy on a focus spot that focuses on a 
semiconductor wafer surface. The scanned wafer surface is made to be smooth and planar for 
10 precise positioning at the focal plane, or focus, of the scanner. The wafer surface is polished by 
CMP, chemical mechanical planarization, to make a smooth, planar polished surface on the 
wafer. 

[0003] Following CMP, on the planarized wafer surface, the surface topography includes 

a range of taller topography features and a range of shorter topography features, of micrometer 

1 5 step height changes. When the taller topography features (or shorter topography features) are 
present in sufficient numbers to dominate the surface topography, they defocus the focus spot. 
The height amount that defocuses the focus spot is referred to as, a deviation amount, also 
referred to as a focus deviation, and also referred to as, a focus spot deviation (FSD). The photo 
exposure module has a wafer stage set point that will need adjustment according to the FSD to 

20 adjust the focus spot into focus on the wafer surface. 

[0004] A process for determining the focus spot deviation will now be described. The 

wafer topography of a batch of wafers is mapped, and the mapped information is analyzed to 
calculate the FSD. The FSD is a relative height measure by which the focus spot would be 
defocused due to the height variations of the wafer topography. Then, the FSD sets a wafer stage 

25 set point for the photo exposure module. The photo exposure module is set to the wafer stage set 
point, which adjusts the height of the focus spot to correctly focus on successive wafers of the 
wafer batch. Thus, a new wafer stage set point is determined by the measure of the FSD . The 
batch of wafers are processed by the photo exposure module that has been adjusted to the new 
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set point. However, the batch of wafers may have a wafer with an actual topography that would 
cause defocus of the focus spot, even after the photo exposure module has been adjusted to a new 
wafer stage set point by the amount of the FSD. Such a wafer in the batch is referred to as a 
defocus wafer. Thus, a defocus wafer in the batch has a topography that would need to be 
5 processed according to a wafer stage set point that is different from the permissible value of the 
calculated FSD that determines the wafer stage set point. Processing a defocus wafer similarly as 
the other wafers in the same wafer batch, would reduce the yield of the wafer batch. Thus, a need 
exists for an invention to identify a defocus wafer and prevent it from being processed with a 
defocused focus spot. Further a need exists for an invention to dynamically readjust the wafer 

10 stage set point with a corrected focus of the focus spot for processing a defocus wafer. 

[0005] Prior to the invention, the wafer topography was measured by a highly accurate 

measuring apparatus called a level sensor apparatus, LS. The LS measured topography peak 
height variations per unit of surface area. According to an algorithm, an FSD was calculated 
using the LS measurements. The calculated results were recorded in a real time monitor (RTM) 

1 5 process control chart for the FSD. Prior to the invention, multiple process control charts were 
required. Since wafer fabrication involves a stack of successive planarized layers, the thicker the 
layer stacks, the bigger the value of FSD becomes. Thus, each of the successive planarized layers 
needed a separate RTM process control chart for focus spot deviation. Further, no RTM process 
chart could set a sole criteria to predict or to catch a defocus wafer. 

20 [0006] In a photo exposure module, its wafer stage set point is determined according to 

the following procedure. First, level sensor apparatus measurements are taken of the topography 
of the wafers in a first wafer batch. Then, by applying statistics, a statistical measurement of the 
topography is obtained. That statistical measurement is analyzed to calculate a focus spot 
deviation. The process control chart is updated with the focus spot deviation. Then, the photo 

25 exposure module is adjusted to a wafer stage set point, as determined by the focus spot deviation. 
Then the batch of wafers are processed by the photo exposure module that has been adjusted to 
the new wafer stage set point. 

[0007] Before the next succeeding batch of wafers are processed by the photo exposure 

module, new level sensor apparatus measurements are taken of their topography, to obtain a new 
30 focus spot deviation for updating the process control chart. In this manner, as the wafer 

topography changes from batch to batch due to process variations from batch to batch, the photo 
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exposure module is adjusted to a new wafer stage set point. Thus, the photo exposure module 
adjusts to the changes in wafer topography from batch to batch. One drawback of the existing 
system, is that one or more wafers in a processing batch are defocus wafers, which are wafers 
that have greater focus spot deviations than can be compensated by the new wafer stage set 
5 point. It would be advantageous to identify the defocus wafers before they become processed by 
the photo exposure module. Then the photo exposure module can be readjusted with a corrected 
wafer stage set point that focuses the focus spot on the defocus wafer. By readjusting the wafer 
stage set point to process a defocus wafer, the production yield of the processed batch is 
desirably increased. 

1 0 SUMMARY OF THE INVENTION 

[0008] The invention is a method of dynamic focus spot deviation obtained by a new 

algorithm that precisely captures, i.e., identifies a defocus wafer for a scanner, such as, a 12" AT 
Twin-Stage (or triple stage) Scanner. The method identifies a defocus wafer by obtaining a 
difference between a wafer stage set point and a corrected wafer stage set point based on an 

1 5 actual measurement of wafer topography. 

[0009] According to the invention, a method for identifying a defocus wafer, includes 

and is not limited to the steps of: 

collecting data by mapping a topography of each wafer in a first wafer batch; 
calculating a focus spot deviation from the data, the focus spot deviation corresponding to 

20 a height by which a focus spot of a photo exposure module would be defocused by the 
topography; 

updating a process control chart with the focus spot deviation; 

converting the focus spot deviation to a corresponding wafer stage set point to which the 
photo exposure module is set, to focus the focus spot on each wafer in a present or current wafer 
25 batch; and 

identifying a defocus wafer in the present or current wafer batch, as a wafer having a 
topography that would defocus the focus spot, even when the photo exposure module is set to the 
wafer stage set point that corresponds with the focus spot deviation. 

[0010] An advantage is that no defocus wafer is missed. Anther advantage is that the 

30 method is capable of identifying a large number of defocus wafers. Another advantage is that the 

PH1\1 125028.5 3 



EXPRESS MAIL LABEL NO. EV 306259030 US ATTORNEY DOCKET NO. N1085-00243 

[TSMC2003-0671] 

method prevents low yield processing of successive wafer batches due to defocus wafers. 
Another advantage is that the method eliminates a separate RTM process control chart for each 
successive layer on a substrate. 

[001 1] According to an embodiment of the invention, the method further includes 

5 resetting the photo exposure module to a corrected wafer stage set point to focus the focus spot 
on the defocus wafer. 

[0012] According to a further embodiment of the invention, the method further includes; 

photo exposing the topography of the defocus wafer by the photo exposure module that is reset 
to the corrected wafer stage set point. 

1 0 [001 3] According to another embodiment of the invention, the method further includes, 

resetting the photo exposure module to a corrected wafer stage set point to focus the focus spot 
on the defocus wafer, during a process of photo exposing the topography of the wafers in the 
next succeeding batch by the photo exposure module; and photo exposing the topography of the 
defocus wafer by the photo exposure module that is reset to a corrected wafer stage set point. 

1 5 [0014] Further, the invention is a method of identifying a wafer as a defocus wafer and 

providing a gating signal to activate a complementary feedback defocus gating mechanism of the 
photo exposure module. The complementary feedback defocus gating mechanism is used to reset 
the photo exposure module to a corrected wafer stage set point, to focus the focus spot on the 
defocus wafer. According to an embodiment of the invention, the method further includes, 

20 supplying the focus spot deviation as a wafer gating signal identifying the defocus wafer to a 
gating mechanism of the photo exposure module. An advantage is that no RTM process control 
chart is required for gating a defocus wafer. 

[0015] Further, the invention is a method that performs dynamically as a supplement to 

dynamic performance of M/C. An advantage is that the method quickly verifies dynamic 

25 performance of M/C. 

[0016] According to another embodiment of the invention, the set point for a control 

chart is set by a process control chart, by the steps of; calculating an updated focus spot deviation 
that corresponds to a height by which a focus spot of a photo exposure module would be 
defocused by the topography of the wafers in the next succeeding batch; and updating the 

30 process control chart with the updated focus spot deviation. 
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The invention further relates to a method of using a level sensor apparatus according to the 
method steps of; 

scanning the topography of each wafer in a next succeeding wafer batch with the level 
sensor apparatus to obtain scan data in the form of height measurements per unit area of each 
5 wafer in the next succeeding wafer batch; 

identifying a defocus wafer by its scan data; 

resetting the photo exposure module to a corrected wafer stage set point to focus the 
focus spot on the defocus wafer, during a process of photo exposing the topography of the wafers 
in the next succeeding batch; and 
10 photo exposing the topography of the defocus wafer by the photo exposure module that is 

reset to a corrected wafer stage set point. 

[0017] A defocus wafer has a topography with Z-axis heights that recur with sufficient 

frequency that they will defocus the focus spot during a scan. In the scanning equipment, the 
wafer stage position is adjustable in height, to compensate for wafers that become thicker in 

15 height as more layers of semiconductor materials are built up on the wafer. Further, the wafer 
stage position can be adjusted in height to compensate for the defocus caused by the Z-axis 
heights of wafer topography. Then, the wafer surface is correctly positioned at the focal plane of 
the scanner equipment, which correctly positions the wafer surface at the focal plane of the scan. 
[0018] The invention processes large numbers of wafers to catch defocus wafers in real 

20 time. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Figure 1 is a diagrammatic view of a level sensor apparatus. 

[0020] Figure 2 is a three dimensional map of a wafer surface, together with respective 

graphs of calculated set points along three axes. 
25 [002 1 ] Figure 3 is a portion of a database having columns of X-axis and Y-axis 

coordinates for a corresponding to a Z-axis wafer height measurement, and another column of 
focus spot deviations along the Z-axis 

[0022] Figure 4 is a graph of a frequency distribution of focus spot deviations from 

which is calculated a static focus spot deviation that corresponds to a wafer stage set point to 
30 which the photo exposure module is set, to focus the focus spot on a wafer in a wafer batch. 
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[0023] Figure 5 is a graph similar to Fig. 4, and further disclosing a corrected wafer stage 

set point to which a photo exposure module is set to focus a focus spot on a defocus wafer. 
[0024] Figure 6 is a top view of a wafer having semiconductor dies, and further 

disclosing an axis of a scanning path for a level sensor apparatus. 
5 [0025] Figure 7 is a diagram of multiple sensors of a level sensor apparatus and the 

exposure area being scanned by the apparatus. 

DETAILED DESCRIPTION 
[0026] Figure 1 discloses a level sensor apparatus (100), known in the technical field of 

semiconductor fabrication, for mapping a topography of a semiconductor wafer (102) mounted 

10 on a wafer table (104). The level sensor apparatus(lOO) includes a light sources from halogen 
lamps (106) and a collimated beam from a reference laser (108) supplied to a projection lens 
(110). The topography of the wafer (102) is scanned by the apparatus (100) to collect data by 
mapping a topography of each wafer in a wafer batch. The data consists of measurements of 
wafer surface topography height Z at X-Y coordinates. The wafer topography of a batch of 

15 wafers is mapped, and the mapped information is analyzed to calculate the focus spot deviation, 
FSD. The FSD is a relative height measure by which the focus spot would be defocused due to 
the height variations of the wafer topography. 

[0027] Fig. 2 discloses a graph (200) of mapping information data, which records 

measurements of wafer surface topography height Z at X-Y coordinates. The mapping 

20 information collectively produces statistics that are the basis for statistical calculation of set 
points for Rx, Ry and Z in micrometers. These set points correspond to a focus spot deviation 
corresponding to a height by which a focus spot of an industry known, photo exposure module 
would be defocused by the topography of the wafers in the wafer batch. 
[0028] Figure 4 discloses a graph (400) of a frequency distribution of focus spot 

25 deviations from which is calculated a static focus spot deviation (402). The focus spot deviation 
(402) is converted to a wafer stage set point to which the photo exposure module is set, to correct 
for the defocus, and to focus the focus spot on each wafer of the wafer batch. Thus, the FSD 
(402) sets a wafer stage set point for the photo exposure module. The photo exposure module is 
set to the wafer stage set point, which adjusts the height of the focus spot to correctly focus on 

30 successive wafers of the wafer batch. Thus, a new wafer stage set point is determined by the 
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measure of the FSD (402). The batch of wafers can be processed by the photo exposure module 
that has been adjusted to the new set point. However, the batch of wafers may have a wafer with 
an actual topography that would defocus of the focus spot, even when the photo exposure 
module is adjusted to a new wafer stage set point that corresponds to the amount of the FSD 
5 (402). Such a wafer in the batch is referred to as a defocus wafer. Thus, a defocus wafer in the 
batch has a topography that would need to be processed according to a wafer stage set point that 
is different from the permissible value of the calculated FSD (402) that determines the wafer 
stage set point. Processing a defocus wafer similarly as the other wafers in the same wafer batch, 
would reduce the yield of the wafer batch. 
10 [0029] According to a further drawback, the wafer is fabricated by successive build up of 

layers. The thicker the layers, the higher are the corresponding focus spot deviation values. 
Higher focus spot deviation values allow defocus wafers to be missed and contribute to lower 
manufacturing yields. 

[0030] Before the next succeeding batch of wafers are processed by the photo exposure 

15 module, new level sensor apparatus measurements are taken of their topography, to obtain a new 
focus spot deviation for updating the process control chart. In this manner, as the wafer 
topography changes from batch to batch due to process variations from batch to batch, the photo 
exposure module is adjusted to a new wafer stage set point. Thus, the photo exposure module 
adjusts to the changes in wafer topography from batch to batch. One drawback of the existing 
20 system, is that one or more wafers in a processing batch are defocus wafers, which are wafers 
that have greater focus spot deviations than can be compensated by the new wafer stage set 
point. It would be advantageous to identify the defocus wafers before they become processed by 
the photo exposure module. Then the photo exposure module can be readjusted with a corrected 
wafer stage set point that focuses the focus spot on the defocus wafer. By readjusting the wafer 
25 stage set point to process a defocus wafer, the production yield of the processed batch is 
desirably increased. 

[0031] Fig. 5 discloses a graph (500) wherein, the invention produces a dynamic focus 

spot deviation (504) calculated as the topography height as actually measured and shown by the 
graph (500), minus the wafer stage set point (502) that is the same as the static focus spot 
30 deviation (402) of Fig. 4, to determine the real focus spot for processing a wafer, especially for 
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processing a defocus wafer. The invention catches defocus wafers by a dynamic focus spot 
deviation method. 

[0032] According to the invention, a method for identifying a defocus wafer involves, 

colleting data by mapping a topography of each wafer in a first wafer batch. According to an 
5 embodiment of the invention, the level sensor apparatus (100) maps the topography. The method 
further involves, calculating a focus spot deviation (402) from the data, the focus spot deviation 
(402) corresponding to a height by which a focus spot of a photo exposure module would be 
defocused by the topography. According to an embodiment, a data base (300) disclosed by Fig. 3 
has internal algorithms assigned to columns of the data base (300), which calculate the focus spot 

10 deviation (402). For example, the focus spot deviation (402) is calculated as a standard deviation 
from the highest frequency of topography height measurements recorded in the graph (400). 
Further, the method involves, identifying a defocus wafer as a wafer having a topography that 
would defocus the focus spot, even when the photo exposure module is set to the wafer stage set 
point that corresponds with the focus spot deviation (402). According to an embodiment, the 

15 method further involves, identifying the defocus wafer by its scan data in the form of height 
measurements per unit area of topography. According to a further embodiment, the method 
further involves, resetting the photo exposure module to a corrected wafer stage set point (504) 
to focus the focus spot on the defocus wafer. According to a further embodiment, the method 
further involves, resetting the photo exposure module to a corrected wafer stage set point (504) 

20 to focus the focus spot on the defocus wafer, during a process of exposing the topography of the 
wafers by the photo exposure module, and photo exposing the topography of the defocus wafer 
by the photo exposure module that is reset to a corrected wafer stage set point. 
[0033] Fig. 6 discloses a wafer (600) having multiple semiconductor dies (602) defining 

regions of semiconductor circuit elements, which are covered by photo resist material. The photo 

25 resist material is to be patterned by exposure to a patterned beam of an industry known photo 
exposure module. Fig. 6 further discloses an axis (604) of a scanning path for the level sensor 
apparatus (100). Fig. 7 discloses multiple rectangular sensors (700) on the level sensor apparatus 
(100). The central sensor (700) is aligned on the axis (604) during scanning. An exposure area 
of a corresponding semiconductor die (602) is depicted as being scanned. However, only the 

30 central five sensors (700) will scan solely the semiconductor die (602). The outermost sensors 
(700a) will not scan any part of the semiconductor die (602). Accordingly, the data collected by 
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the sensors (700a) will not be selected for calculating the focus spot deviation. Similarly, the data 
collected by the sensors (700b) will not be selected, because the sensors (770b) partially scan a 
region outside of the semiconductor die(602). Thus, only the data mapped by the sensors (700) 
that scan wholly within the region of the semiconductor die (602) are selected for calculating the 
5 focus spot deviation. 

[0034] According to another embodiment of the invention, the dynamically obtained 

focus spot deviation is supplied to a complementary feedback defocus gating mechanism of the 
level sensor apparatus (100). 

[0035] Although the invention has been described in terms of exemplary embodiments, it 

10 is not limited thereto. Rather, the appended claims should be construed broadly, to include other 
variants and embodiments of the invention, which may be made by those skilled in the art 
without departing from the scope and range of equivalents of the invention. 
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